ABSTRACT 2,3,5-triphenyltetrazolium chloride (TTC) is a dye largely used for enumeration of microbial colonies in solid culture media, being a key component of the dry rehydratable film system used for microbiological analysis of food. This dye is colorless in the oxidized form and red when reduced by microorganisms, due to formation of formazan. In this study, TTC was added to Plate Count Agar (PCA) for enumeration of microorganisms in thirty four pasteurized milk samples, with the aim to verify the frequency of microorganisms that are unable to reduce TTC. Milk samples were decimally diluted in saline and pour-plated in PCA plus 0.015% TTC. Colonies were counted after 24h and 48 h of incubation at 35 o C. From a total of 50,574 colonies, 19,665 (38.88%) did not reduce TTC in 48h. It was observed that 571 (6.36%) colonies that were colorless in 24h became red in 48h. From those that didnt reduce TTC in 48h, 233 were purified and Gram stained. 229 (98.71%) of them were Gram positive cocci and bacilli. The results show that there is a high percentage of microorganisms unable to reduce TTC in pasteurized milk, which cannot be detected by laboratory procedures based on the formation of red colonies.
INTRODUCTION
2,3,5-triphenyltetrazolium chloride (TTC) is a dye largely used for enumeration of microbial colonies in solid culture media (21) . This dye is a key component of the dry rehydratable film system used for microbiological analysis of food (5, 6, 20) . TTC is colorless in the oxidized form and red when reduced.
Live microorganisms reduce TTC by enzymatic action (10) , originating formazan which is kept inside granules in the cells, which become red (15) .
TTC was synthesized by Pechmann and Runge in 1894 (18) . In 1941, Kuhn and Jerchel (11) demonstrated that bacteria, yeasts and plants are able to reduce this dye. One of the first applications of TTC was to verify the germination capacity of seeds (2) . Since then, many other applications were reported, including the use of TTC in microbiology (4, 10, 12, 17, 23) . Huddleson and Baltzer (7) observed that colonies of different microbial species or varieties of the same specie may develop several shades of red when plated in medium with TTC. Gershenfeld and Weber Jr. (3) reported that coagulase-positive Staphylococcus sp. form colonies with an orange center when TTC is added to the medium, while coagulase negative Staphylococcus sp. colonies are pink. Turner et al. (22) observed that Streptococcus cremoris could be differenciated from Streptococcus lactis with the use of TTC, because it is able to reduce the dye while the other is not. Similarly, Rioux et al. (19) reported that C. albicans could be distinguished from other yeasts, because they form pink colonies in medium with TTC, while other yeast colonies are white.
Some factors, like pH, temperature, light and concentration of the dye, also interfere in TTC reduction. The reduction of TTC is more intense at high pH (9) .The concentration of TTC added to the culture medium is very important because high levels may have a deleterious effect (21) . Consequently, the concentration of TTC used in culture media should be low enough to avoid inhibition of growth, but high enough to allow color development (8, 15) .
The variation in the capacity to reduce TTC by many microorganisms may be beneficial for their differentiation, but, in techniques where TTC is used to help the counting of colonies, this variation may be pose a problem. The colonies of microorganisms that are unable to reduce TTC are not red, and consequently, may not be counted, leading to errors.
The dry rehydratable film system for microbiological analysis of food is largerly used in many countries, including Brazil. It has several advantages, like simplicity and accuracy and is costeffective (5, 6, 20) . However, the application of this system for counts of aerobic bacteria in Brazilian pasteurized milk has been hampered by counts that are frequently lower than those obtained by the conventional plating procedure (21) in this particular type of food (Franco, B.D.G.M. personnal communication). This phenomenon seems to be restricted to pasteurized milk produced in certain regions of Brazil. The objective of this study was to survey the frequency of microorganisms that are unable to reduce TTC in pasteurized milk produced in one of these regions, and to determine how these microorganisms would interfere in the accuracy of the dry rehydratable film system.
MATERIALS AND METHODS
Determination of minimal inhibitory concentration of TTC in pasteurized milk: Five pasteurized milk samples, purchased from local stores in the city of Londrina, Paraná, BR, were submitted to decimal dilutions in 0.85% saline (10 -1 , 10 -2 and 10 -3 ), according to Lanara (1) and 1 ml of each dilution of each sample was pour-plated, in duplicates, in Plate Count Agar PCA (Difco) containing 0.005%, 0.01%, 0.015%, 0.025% or 0.05% TTC (Sigma) and also in PCA without TTC. Plates were incubated at 35 o C +/-1 o C for 24 hours and 48 hours, and the number of CFU/ml of pasteurized milk was determined according to the counting procedures recommended by Swanson et al. (21) . All colonies were counted, regardless their color or size.
Frequency of TTC non-reducing microorganisms in pasteurized milk: 34 samples of pasteurized milk, produced by dairies in the region of the city of Londrina, Paraná, BR, were purchased from local stores, and transported under refrigeration to the Laboratory of Inspection of Animal Products, Department of Preventive Veterinary Medicine, Londrina State University. All samples were submitted to decimal dilutions in 0.85% saline, and 1 ml of each dilution was pour-plated, in duplicates, in PCA containing 0.015% TTC and also in PCA without TTC. The desired concentration of TTC in PCA was achieved using a 0.5% mother-solution, kept in amber flasks covered with aluminum foil and maintained under refrigeration until the moment of use. PCA plates were incubated at 35 o C. Colony Forming Units (CFUs) were counted after 24 hours and 48 hours of incubation, The number of CFU/ ml in each sample was determined according to Swanson et al. (21) . Colonies were classified according to color: colorless, white, cream or yellow were considered TTC non-reducers and pink or red were considered TTC reducers. Colonies that changed color between the two countings were also recorded.
Preliminary identification of TTC non-reducing colonies: After 48 hours of incubation, hundreds of colonies considered as non reducers were streaked on PCA with 0.015% TTC and on Blood Agar. Plating was repeated until pure cultures were obtained. From these, 233 were selected for Gram staining.
RESULTS AND DISCUSSION
Besides facilitating the counting of colonies, TTC is also a powerful tool to distinguish colonies from food particles, which don´t react with the dye. Use of TTC is highly recommended for milk testing, because the opacity of the plates, specially those containing the less diluted samples, makes the counting unaccurate (16) . Many microbiologists use TTC added to the media as an over-lay after incubation rather than added to PCA prior to plating, because TTC may be deleterious to many microorganisms (4) . In this study, TTC was used as a supplement of PCA because further testing of colonies grown on the agar was needed. Futhermore, in the dry rehydratable film procedure, TTC is also part of the film (5, 6, 20) .
The best performance of TTC for counting of colonies in PCA was achieved by the concentration of 0.015% and very little inhibition of microbial growth was observed when compared to counts in PCA with no dye. TTC reducing colonies were easily distinguished from those that didnt reduce the dye. There isnt a consensus on the ideal concentration of TTC for colony counting. According to Swanson et al. (21) , the concentration of TTC in the agar should be 0.005%. May et al. (13) reported that 0.05% TTC was not inhibitory for Gram negative bacteria, including E.coli. For Gram positives, like B.subtilis and S.pyogenes, the minimal inhibitory concentration (MIC) was 0.0032%. Ohara (16) observed that 0.1% and 2% TTC should be used for bacteria and yeasts countings, respectively.
From a total of 50,574 colonies counted in PCA with 0.015% TTC, 19,665 (38.88%) were not able to reduce the dye in 48 hours. After incubation of 24 hours, among 28,717 colonies, 8,983 (31.28%) did not reduce TTC. From the 21,857 colonies that grew in the second incubation of 24 hours, 10,682 (48.87%) were non-reducers (Table 1) . Between the two countings, 571 (6.36%) non-reducer colonies changed to pink. Comparing the number of colonies obtained in PCA with and without TTC, after 48 hours, a 6.16% inhibition was detected. The number of colonies in PCA was 53.896 CFUs, while in PCA with 0.015%, the number was 50.574 CFUs. The size of the colonies in the medium with TTC was a little smaller when compared to the same sample plated in PCA without TTC. Among the colonies submitted to Gram stain, 110 (47.21%) were Gram positive coccobacilli, 80 (34.33%) were Gram positive bacilli, 33 (14.16%) were Gram positive cocci, 4 (1.72%) were yeasts, 3 (1.29%) were Gram negative bacilli, 2 (0.86%) were actinomyces and 1 (0.43%) was a Gram negative coccobacillus. These data show that more than 95% of the TTC non-reducer colonies were Gram positive bacteria and only less than 2% were Gram negative ( Table 2) . Gram positive microorganisms, like Micrococcus, coryneforms and some heat resistant bacilli are often present in raw milk and are part of remaining microflora in pasteurized milk. In counterpart, Gram negative microorganisms are much less common in raw milk. This suggests that the TTC non-reducing Gram positive bacteria detected in the pasteurized milk samples are those that survived to the heat treatment. Their incapacity to reduce TTC before the pasteurization was done could not not tested, but sucessive platings of many of these colonies in non-selective Blood Agar plates didnt make them them able to reduce TTC. This suggests that a possible heat-injury that affected the capacity of microorganisms to reduce TTC was irreversible. 
RESUMO

